760 the right and 6/60 in the left eye with a dense temporal and infero-nasal field defect (fig 6) . The right visual field was full to a small object. There was a marked left relative afferent pupillary defect. Colour vision was normal in the right eye but absent in the left. Slit lamp examination was normal. The right optic disc showed temporal pallor and the left optic disc was atrophic. Neurological examination was otherwise normal. Investigation showed a neutrophil leucocytosis of 16,800/mm3 and normal electrolytes and liver function tests. CSF contained 2 WBC/mm3 and protein 34 mg/100 ml with oligoclonal bands. SACE was 18 nmol/min/ml (normal range 16-53). Chest radiographs showed bilateral hilar lymphadenopathy and a Kveim test showed non caseating granulomata. Pattern reversal VEPs (Dr AM Halliday) showed a latency of 122 ms (normal upper limit of latency 115 ms) and amplitude 4-2 uV on the right eye stimulation and no consistent response from the left eye. Somatosensory and auditory evoked potentials were normal. Skull radiograhs showed enlargement of the left optic foramen and orbital CT scan no abnormality of the optic nerves.
Case 4
A 32-year-old West Indian man who had lived in the United Kingdom since 1960, presented in December 1979 with a four week history of blurring of central vision in the left eye which had been associated with pain in the eye for three weeks. There were no other neurological symptoms. While awaiting admission he became breathless with a cough and retrosternal soreness and was admitted elsewhere where a clinical diagnosis of pulmonary sarcoidosis was made and a Kveim test performed. His chest symptoms improved spontaneously and he was discharged without treatment. However, during the 6 weeks of this illness the vision in the left eye had continued to deteriorate and he lost a stone and a half in weight.
On admission examination showed a thin man without lymphadenopathy or rash. The chest was clear. Visual acuity in the right eye was 6/6 N5 and in the left 6/60, < N48. There was no colour appreciation on the left, and colour vision was normal on the right. There was a left relative afferent pupillary defect. The visual field was full on the right but on the left showed a small dense central scotoma with constricted peripheral field (fig 7) . The right fundus was normal but the left disc showed supero-nasal swelling. There was no evidence of retinal vasculitis or uveitis. Fluorescein angiography showed late leakage at the left optic disc without venous leakage or macular oedema (fig 8) .
Investigations showed a normal blood count and an ESR of 66 mm in I hour. There were detectable immune complexes by polyethylene glycol precipitation at a concentration of 8-8 mg IgG/dl (3.5 + 1 3 mglgG/dl). Chest radiographs confirmed the presence of bilateral hilar lymphadenopathy with fine nodular shadowing in the mid zones. The SACE was elevated to about 100 nmol/min/ml. The previously inoculated Kveim test showed non caseating granulomata. The CSF showed oligoclonal bands but no other abnormality.
The diagnosis of sarcoidosis was made on the basis of the radiological appearances in the chest, the raised SACE and the positive Kveim test. He was treated with a high dose of prednisolone 60 mg daily with rapid improvement in his Graham, Ellis, Sanders, McDonald ocular pain and visual loss. After one week's treatment visual acuity was 6/5 N5 bilaterally with normal fields. Subsequently he has been maintained on prednisolone 10 mg daily. However, whenever the dose has been reduced, he has experienced ocular pain with drop of visual acuity to 6/6 and desaturation of colour, accompanied by breathlessness. At two year follow-up the left optic disc is mildly atrophic. right relative afferent pupillary defect. Ocular movements were normal. The anterior chambers were quiet and there was no vitreous activity. The right optic disc was swollen with haemorrhages and exudates between the disc and macula (fig 10) . Examination of the left eye was normal. Fluorescein angiography showed dilated capillaries in the right eye with mild leakage from these in the late phase. There was no leakage at the macula or from the peripheral vessels. The left eye was normal.
Investigations in January 1982 showed haemoglobin 14-8 g/dl white count 3-6 x 10/1(54% neutrophils, 34% lymphocytes) ESR 8 mm/hour. Urea and electrolytes, liver function tests, serum and urinary calcium were normal. VDRL, TPHA were negative. Cerebrospinal fluid examination showed an opening pressure of 200 mm CSF and no cells.
The protein level was 50 mg/100 ml and no oligoclonal bands were detected. HLA typing was Al, A9, B8 and B17. Radiographs of his chest, skull, hand and spine and an orbital CT scan were normal. Pattern reversal VEPs (Dr Fenwick) showed a latency of 84 ms (normal upper limit of latency 106 ms) and amplitude 7-7 pV on the left and latency 108 ms and amplitude 3-3 pV on the right. He was treated with another course of systemic steroids but there was no further improvement in vision, and the steroids were tailed off after eight weeks. A Mantoux test was positive at 1:1000 dilution and Kveim test showed non caseating granulomata, both performed one month after steroid treatment was finished.
Discussion
We have described five patients with isolated optic nerve disease in association with sarcoidosis. Three patients presented with acute or subacute painful visual loss and the other two with chronic painless visual failure. The diagnosis of sarcoidosis was based on standard clinical criteria.5 In the first case of progressive visual failure the diagnosis was proved by optic nerve biopsy. Of the three patients presenting with acute or subacute optic neuropathy, one (case 5) had been diagnosed previously as having sarcoidosis and case 4 presented with acute visual loss in association with acute pulmonary symptoms and very high levels of SACE. In case 3 bilateral hilar lymphadenopathy was found at the time of visual loss. Cases 4 and 5 had acute manifestations of sarcoidosis. Our patients showed a spectrum of visual abnormalities ranging from acute reversible visual loss to chronic progressive visual failure. Both manifestations could be seen in different eyes of an individual patient.
Progressive visual failure In the two patients with chronic failure (cases 1 and 2) the visual loss occurred gradually over a period from four weeks to eight months and was not associated with pain in the affected eye. Both eyes were sequentially affected in each case, progressing to no perception of light in the more severely affected eye. Case 2 developed an inferior altitudinal field defect, but the subsequent rapid response to steroids suggested that the pathogenesis was not primarily vascular.
The appearances of the right optic disc of case 1 are worthy of comment. Initially the disc was atrophic with two vascular prominences in the centre; four years later the disc had become markedly infiltrated with dilated and tortuous vessels. Infiltrated, "cauliflower" optic discs are well documented in sarcoidosis.68 These optic nerve granulomata commonly occur in association with ocular inflammation.O10 11 However, if uveitis and other stigmata of sarcoidosis are absent the diagnosis may be confused with that of optic nerve tumours. 12-16 We have been unable to find a previous report of sarcoid granulomata developing within an atrophic nerve as in case 1. Case 2 had a thick left optic nerve and may have also had granulomata within it.
Optic neuropathy in sarcoidosis 761 762 Acute or subacute visual loss The three patients (cases 3, 4, and 5) who presented in this way were initially diagnosed as suffering from acute optic neuritis. However, by the time the patients had been referred for further ophthalmological opinion they had developed unusual features for this diagnosis. Acute optic neuritis of the type associated with multiple sclerosis, often referred to loosely as "demyelinating optic neuritis", is characterized by rapid visual loss, progressing over a week or so, often accompanied by ocular pain increased by eye movement. Examination usually reveals a negative central scotoma, a relative afferent pupillary defect and a normal or mildly swollen optic disc. Spontaneous recovery occurs in 90% of patients often beginning within about two weeks of the visual deficit reaching its peak and continuing for several weeks.17 Systemic or local (retro-ocular) corticosteroids may shorten the duration of the visual loss but do not alter the ultimate visual prognosis.18 19 Certain features in our patients were atypical for a diagnosis of demyelinating optic neuritis:-I. Although all three patients suffered pain in the affected eye particularly on eye movement, and one (case 5) experienced rapid visual loss, the other two noticed progression of the visual deficit over two to six weeks. 2. Only one patient (case 4) developed the visual field changes of central scotoma with peripheral constriction resembling those of demyelinating optic neuritis. The remaining two patients had more extensive field loss, case 3 showing central scotomata breaking out to involve the periphery and case 5 an irregularly constricted field consistent with multiple arcuate scotomata. These observations contrast with the results of study of 165 patients with demyelinating optic neuritis in which 76% had central field defects with peripheral constriction.20 The optic discs of our patients varied from atrophy to mild disc swelling confirmed by fluorescein angiography. Case 5 had a deep subretinal haemorrhage on the nasal margin of the right optic disc. Peripapillary haemorrhages in demyelinating optic neuritis are not infrequent though subretinal haemorrhages are extremely rare in our experience. Investigation Results of visual evoked responses and examination of the cerebrospinal fluid (table) did not serve to distinguish demyelinating optic neuritis from optic neuropathy complicating sarcoidosis. Oligoclonal bands may be found in both2' and a delayed visual evoked potential is not specific for optic neuritis. 22 An enlarged right optic foramen was found in case 3 but the orbital CT scan did not demonstrate a thick optic nerve in any of these four patients. Treatment Two patients (cases 3 and 4) showed a good response to corticosteroids. In case 3 the vision improved in both eyes when steroids were given Graham, Ellis, Sanders, McDonald within two weeks of onset of symptoms. However, when treatment was given after the visual deficit in the left eye had been present for more than eight weeks this beneficial effect no longer occurred. In case 4 the vision improved from 6/60 to 6/9 within 24 hours of starting treatment.
The vision of the right eye of case 3 and the left eye of case 4 remained steroid sensitive and reduction of steroids below a certain maintenance dose (20 mg prednisolone daily in case 3, 10 mg prednisolone daily in case 4) resulted in drops in visual acuity and further visual field loss. A persistent dependence of visual function on steroids is rare in demyelinating optic neuritis.'7 The third patient (case 5) showed an initial improvement during the first week on steroids but thereafter the visual deficit remained static.
There is only one other well documented report of acute optic neuropathy resembling demyelinating optic neuritis occurring in the presence of sarcoidosis.23 Pieron et al described a 23-year-old West Indian woman with hilar lymphadenopathy who presented with rapid visual loss in the right eye accompanied by central scotoma and raised gamma globulin in the cerebrospinal fluid. The visual acuity and visual field returned to normal after twelve days of treatment with prednisolone and synacthen.
Salvesen documented the first case of an acute optic neuritis-like syndrome in a patient with sarcoidosis and chronic lupus pernio" but the clinical details are scanty and follow up seven months later showed that vision had improved only from hand movements to 6/36. Similarly, Beardsley et al25 reported three cases of "retrobulbar neuritis" in their series of eleven patients. The diagnosis of retrobulbar neuritis was made because of the normal optic disc and the absence of neurological findings. In each, progressive painless loss of vision occurred over a period ranging from one week to several months.25 In the latter case spontaneous recovery of vision occurred but the onset was unlike demyelinating optic neuritis. The other two patients improved on steroids.
The mechanisms of visual loss in these patients deserves comment. Progressive visual failure was shown in one case to be associated with involvement of the optic nerve by granulomata and in two others with enlargement of the nerve at CT and/or enlargement of the optic foramen. It seems likely that compression of the optic nerve fibres by sarcoid tissue caused the visual loss in these progressive cases. The mechanism of visual loss in the other cases must be uncertain in the absence of histological data. In the patients who became steroid dependent, it is possible that variations in size of granulomata were determined by changes in dose. It is impossible to exclude the occurrence of a demyelinating optic neuritis of the type associated with multiple sclerosis having devel-
